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SUBSTRATE PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 
1. Technical Field 

— ^This invention relates to a substrate processing system and particularly to a 

substrate processing system for processing the surface of the substrate which is exposed 
to a reactive substance. 



Background Art 

2. Description of Related Art 

— Conventionally, in a substrate surface processing method using gases, fef 

exampl e , a such as CVD (Chemical Vapor Deposition), the surface of a substrate is 
15 exposed to a process gas containing a reactive substance for a relatively long time for 
processing, such as doping. 

— In the cas elf there is no change ef -in the p roperties of the process gas after 

reaction, or if the process gas is reusable irrespective of its property change, 4t-4s 
att e mpt e d an attempt should be made t o reuse the process gas. Such reuse of the 
20 process gas is favorable in terms of reducing harmful effects on the substrate its e lf or on 
human bodi e s or environm e nts itself, humans, or the environment a s well as in terms of 
cost reduction. 

— Also, a A technique of reusing exhaust gas as a s e aling gas for sealing the shaft 

of a vacuum pump is known (See Pat e nt Docum e nt l JP-A-2000-9037 , for example), but 

25 this technique is insufficient in terms of effective utilization of a- the reactive substance 
contained in the gas. Further, a semiconductor manufacturing system is alse-known in 
which a gas discharged from a vacuum chamber is recycled to the vacuum chamber 
(See Pat e nt Document 2 JP-A-Hei 9-25 1981, for example). This system has a problem 
that it is unable to handle a cas e th e intermittent g as flow is int e rmi tteftt— although it is 

30 able to handle a process in which a fixed amount of gas flow continu e s flows 
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continuously . 

[Pat e nt Docum e nt 1] 

JP A 2000 9037 

[Patent Document 2] 

5 JP AH e i9 251981 

— In view of the foregoing problems in the prior art, it is an object of the present 

invention to provide a substrate processing system which efficiently utilizes reactive 
substances or carrier gases necessary for processing the surface of a substrate, simplifies 
10 equipment for gas transfe r transfen and e flFects e n e rgy savin g saves energy . 

Disolosuro of Invontion BRIEF SUMMARY OF THE INVENTION 

— ^In order to solve the for e going above-identified p roblems in the prior art, a first 

embodiment of the invention is a substrate processing system which comprises: a gas 

15 supply source for supplying a process gas containing a reactive substance; a reservoir 
tank connected to the gas supply source for reserving the process gas; a reactor for 
exposing a substrate placed therein to the process gas; a first circulation pipe for 
introducing the process gas inside the reactor into the reservoir tank; a second 
circulation pipe for introducing at least part of the process gas in the reservoir tank into 

20 the reactor; and a flow regulating valve disposed in the second circulation pipe for 
regulating the amount of process gas te-be-introduced into the reactor. Here, the term 
"reactive" means not only chemical reactions reactions, but also phenomena in which 
the surface of a substrate changes its condition from the-an original ene -condition due to 
adhering of a substance or the like. 

25 — Since in such a construction, the process gas containing a reactive substance 

required to process the surface of a substrate can be circulated, the process gas can be 
reused efficiently. Also, the equipment for gas transfer can be simplified^ and energy 
saving can be e ffect e d saved . Further, since the discharged gas is temporarily reserved 
in a reservoir tank and any amount of gas can be r e us e d as r e quir e d, so tha t reused, the 

30 substrate processing system according to an embodiment of the present invention is able 
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to handle th e oase the an intermittent gas flow is intermittont . 

— One preferred embodiment of the invention is a substrate processing system 

further comprising a pump for drawing the process gas from the reactor and then 
introducing the drawn process gas into the reservoir tank through the first circulation 
5 pipe. 

— ^According to the invention as described above, a process gas containing a 

reactive substance required to process the surface of a substrate can be circulated, so 
that the process gas can be reused efficiently. Also, equipment for gas transfer can be 
simplified and energy savings can be effected. 

10 

— This application is — based — e ftclaims priority to Japanese patent 

applications. a pplication No, 2003 191756 2003-191756. filed in Japan on July 4, 2003, 
which is entirely incorporated herein by reference. 

— This invention will be more completely und e rstood through described in the 

15 following detailed description. However, the specific examples in the following 
description are preferred embodiments of the invention presented for the purpose of 
explanation only. A dditional application ranp e s a pplications of this invention will 
become cl e arer through clear from the following detailed description. How e ver, sp e cific 
exampl e s in the detailed e xplanation ar e pref e rabl e embodim e nts of th e inv e ntion cited 
20 for th e purpos e of e xplanation only. F or those skilled in the art, it is apparon t it will 
become apparent that various changes and modifications can be made within the 
scope and spirit of the invention. 

— The applicant has no intention of dedicating to the public any of the described 

embodiments. Of the disclosed modifications and alternatives, those which may not be 
25 literally covered in what is claim e d bv the claims shall be part of the invention under the 
doctrine of equivalen t equivalents . 

Brief DeGcription of Drawings BRIEF DESCRIPTION OF THE DRAWING 

— FIG. 1 is a schematic diagram, illustrating the overall construction of a 

30 substrate processing system according to one embodiment of the invention. 
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Boat Modo for Carrying Out the Invontion DETAILED DESCRIPTION OF THE 
INVENTION 

— ^Now, an embodiment of the substrate processing system according to the 

5 invention is described in detail with reference to FIG 1. FIG 1 is a schematic 
diagram, diagram illustrating the overall construction of a substrate processing system 
according to one embodiment of the invention. As shown in FIG. 1, the substrate 
processing system according to this embodiment comprises: a reactor 10 in which a 
substrate to be processed is placed; a first gas supply source 12 for supplying a first 

10 process gas containing a reactive substance to the reactor 10; a reservoir tank 14 
connected to the first gas supply source 12; a second gas supply source 16 for supplying 
a second process gas to the reactor 10; a turbo-molecular pump 20 connected to the 
reactor 10 through a valve 18; and a dry pump 22 disposed downstream of the 
turbo-molecular pump 20. 

15 — The -Another d ry pump 26 is connected to the reservoir tank 14 through a pipe 

21, and r e duces a2 4 to reduce the pressure within the reservoir tank 14. A valve 28 is 
disposed in the pipe 2 4 conn e cting the r e s e rvoir tank 11 and dry pump 26 . Also, a 
valve 32 is disposed in a pipe 30 which connects the reservoir tank 14 and first gas 
supply source 12. 

20 — ^Also, a pressure pump 36 is connected to the reactor 10 through a valve 34. 

The pressure pump 36 is connected to the reservoir tank 14 through (a first) circulation 
pipe 38 in which a valve 40 is disposed. Also, the reservoir tank 14 is connected to the 
reactor 10 through (a second) circulation pipe 42 and 1 2. in th e circulation pip e 12 in 
which a A flow regulating valve 44^ for regulating the amount of first process gas to b e 

25 introduced into the reactor 10^ is disposed in the circulation pipe 42 . The process gas 
inside the reactor 10 is a4se-introduced into the reservoir tank 14 through the circulation 
pipe ^8 -38, and at least part of the process gas inside of the reservoir tank 14 is 
introduced into the reactor 10 through the circulation pipe 42. Further, the second gas 
supply source 16 is connected to the reactor 10 through a pipe 16, in which a 1 6. A flow 

30 regulating valve 48 for regulating the amount of second process gas to be introduced 
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into the reactor 10 is disposed in pipe 46 . 

— ^Now, a method of processing a substrate using the substrate processing system 

of the foregoing construction will be described. First, the valve 32 b e tw ee n th e first 
gas supply sourc e 12 and r e s e rvoir tank H and the valve 28 b e tween th e dry pump 26 
5 and r e s e rvoir tank H are opened and the flow regulating valve 44 b e tween th e r e s e rvoir 
tank 11 and r e actor 10 and the valve 40 b e tw e en th e pr e ssur e pump 36 and r e s e rvoir 
tank 1 4 are closed. Under this condition, the dry pump 24-26 is driven to reduce the 
pressure inside of the reservoir tank 14 to a given value PF -(Pr\ and the first process gas 
is th e n introduced and res e rved in th e r e servoir tank H flows from the first gas supply 

10 source 12 into the reservoir tank 14 . 

— In this embodiment, the dry pump 26 is used to reduce the pressure inside of 

the reservoir tank 14. However, the turbo-molecular pump 20 and dry pump 22 may 
be used in place of the dry pump 26 to reduce the pressure inside of the reservoir tank 
14 while the valve 18 and flow regulating valve 44 or valves 18, 34, 40 are opened. 

15 Also, if the pressure in the first gas supply source (gas cylinder) 12 is sufficiently high, 
the first process gas can be introduced into the reservoir tank 14 without the use of 
either dry pumps 22, 26 or turbo-molecular pump 20. Although in this embodiment, a 
process gas containing a reactive substance is supplied from the first gas supply source 
12, a carrier gas may be supplied from the first gas supply source 12 and this carrier gas 

20 and a reactive substance may be mixed together downstream of the first gas supply 
source 12 to form a first process gas. 

— ^Thereafter, the valve 18 disposed upstr e am of th e turbo molecular pump 20 is 

opened opened, and the turbo-molecular pump 20 and dry pump 22 are driven to reduce 
the pressure inside of the reactor 10 to a value not higher than the internal pressure Pr in 
25 the reservoir tank 14. Then, the valve 18 is closed to form a tightly closed space inside 
of the reactor 10. 

— Under this condition, if the valve 31 dispos e d upstream of the pressur e pump 

36, th e valve 10 b e twe e n the pr e ssure pump 36 and res e rvoir tank H, and th e flow 
regulating valve 11 between the reservoir tank 11 and reactor 10 valves 34. 40. and 44 
30 are opened with the other valves closed, the first process gas in the reservoir tank 14 at a 
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higher pressure flows into the reactor 10 at a lower pressure and thu s and, thus, the first 
process gas is introduced in the reactor 10. At this time, the opening of the flow 
regulating valve 44 is controlled to regulate the amount of the process gas to b e 
introduced into the reactor 10. 

5 — The substrate placed inside of the reactor 10 is exposed to the first process gas 

introduced into the reactor 10, and a reactive substance contained in the first process gas 
adheres on the surface of the substrate (adhering process). Since a circulation system 
of the first process gas is defined by the reactor 10, pressure pump 36, circulation pipe 
38, reservoir tank 14, and circulation pipe 42, when the pressure pump 36 is driven to 
10 generate a pressure difference between the reactor 10 and reservoir tank 14, the first 
process gas can be circulated continuously. At this time, the valve 40 may be opened 
and closed to intermittently circulate the first process gas. 

— ^Although, in this embodiment, the first process gas is circulated using the 

pressure pump 36, it may be circulated using a circulation mechanism other than this 
15 pump. Also, an elimination device (for example, a filter) for eliminating unfavorable 
substances (such as condensates) in the process gas may be provided in the circulation 
pipe 38 or 42. 

— In this embodiment as described above, the first process gas from the first gas 

supply source 12 is reused through the foregoing circulation system. Therefore, a 
20 process gas can be reused efficiently, equipment for the gas transfer can be simplifi e d 
simplified, and energy saving can be eff e ot e d saved . 

— When reuse of the first process gas has reached4e a limit or when the prop e rty 

properties of the first process gas has chang e d to th e ono have become unsuitable 
unsuit e d for reuse for som e r e ason , the valve 28 b e twe e n th e dr>^ pump 26 and r e s e rvoir 
25 tank 1 4 is op e n e d opened, and the dry pump 26 is driven to discharge the process gas to 
the outside. 

— On the other hand, when the second process gas is used, the second process gas 

is introduced into the reactor 10 from the second gas supply source 16 through the flow 
regulating valve 48, for the reaction in the reactor 10. Thereafl;er, the flow regulating 
30 valve 48 is closed and the valve 1 8 disposed upstream of the turbo-molecular pump 20 
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is opened, to drive the turbo-molecular pump 20 and dry pump 22, so tha t after the 
reactions, the second process gas after r e action is discharged outside the system after 
passing through the-an elimination device (not shown). 

— After completion of a series of proc e ssings processes, the processed substrate 

5 proc e ssed is removed from the reactor 10 , a n e x t . Another substrate is placed inside the 
reactor 10, and the foregoing procedure is repeated. The substrates may be loaded in 
the reactor 10 one by ene -one, or in th e form ef-a batch. 

— ^Although, in this embodiment, an example has been described in which a first 

gas supply source 12 and a second gas supply source 16 are provided, only the first gas 

10 supply source 12 may be provided or multiple kinds of gas supply sources may be 
provided. Likewise, a -the reservoir tank, circulation pipes- pipes, and the number of 
pumps are not limited to those in the drawings , and various measurin g . Various 
instruments and control devices necessary for the operations of the substrate processing 
system may additionally be provided as required. 

15 — ^The invention is suitably applied to suitable for Atomic Layer Deposition. In 

this m e thod A tomic Layer Distribution, the surface of a substrate is repeatedly exposed 
to a reactive substance to form an extremely low profile (thin) laye r and this proc e dure 
is r e peat e d to proc e ss th e surfac e of th e substrate . According to th ein Atomic Layer 
Deposition, seme-tens to hundreds of extremely low profile (thin) tevefs -lavers. e ach 

20 having a thickness i non the order of a few atoms (nanom e t e rs ¥ nanometers\ can be 
deposited on the surface of a substrate, allowing subtle and free adjustment of the film 
thickness. This-Atomic Layer Deposition uses a large amount of gas containing a 
reactive substance, but in one reaction process, only a small amount of reactive 
substance adheres to the target region of the substrat e substrate, and most of the reactive 

25 substance is left unreacted. According to the embodiment of the present invention, a 
gas containing an adequate amount of unreacted reactive substance can be utilized 
without being discharged directly to the outside. Therefore, wasting of reactive 
substances or carrier gases is prevented, a size increase in equipment such as pump 
devices for the gas transfer can be avoid e d a voided, and energy consumption is kept in 

30 check. In such an embodiment, a plurality of film-forming gases are used as a first 
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process gas. For example, in the case a film of silicon nitride is formed, a silane-based 
gas and an ammonia-based gas are supplied simultaneously or alternately. When they 
are supplied alternately, another reservoir is preferably provided. 

— ^Regarding a second process gas, efte-a_film-forming gas may be introduced 

5 into a reactor and mixed with a first process gas in the reservoir tank to adjust the 
concentration of the mixed gas, or a halogen-based cleaning gas may be supplied for 
cleaning the reactor 10 which requires no circulation after formation of a film. In 
particular, in th e cas e when the reaction of the film-forming gas and the cleaning gas will 
generate by-products, it is effective to supply the second process gas (cleaning gas) such 
10 that it bypasses the reservoir tank. 

— Although an embodiment of the invention is described above, the present 

invention is not limited to the foregoing embodiment, but may be carried out otherwise 
in various ways within the scope of the concept of the invention. 

15 Description of Reference Numerals 
10: reactor 

12: first gas supply source 

14: reservoir tank 

16: second gas supply source 
20 18, 28, 32, 34, 40: valve 

20: turbo-molecular pump 

22, 26: dry pump 

24, 30, 46: pipe 

36: pressure pump 
25 38: first circulation pipe 

42: second circulation pump 

44, 48: flow regulating valve 
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ABSTRACT 

— ^A substrate processing system is provided, which e fficiently utilizes reactive 

substances or carrier gases n e cessary for th e surfac e proc e ssin g to process the surface of 
5 a substrate , simplifi e s e quipm e nt for th e gas transf e r and effect s e n e rgy savin g is 
provided , This -The system compris e s includes a gas supply source 43-for supplying a 
process gas containing a reactive substance, a reservoir tank 44-connected to the gas 
supply source 4^for reserving the process gas, a reactor W-for exposing a substrate 
placed therein to the process gas, a first circulation pipe 3^for introducing circulating 
10 the process gas inside the reactor 10 into to the reservoir tank^4, a second circulation 
pipe 43-for introducing circulating at least part of the process gas in the reservoir tank 
1 4 into to the reactor— 1-0, and a flow regulating valve 44-Hdisposed in the second 
circulation pipe 43-for regulating controlling t he amount of process gas te-be-introduced 
into the reactor-4d. 
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